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Inflammatory bowel disease (IBD) is a condition that is subject to genetic and environmental factors, characterized by mul-
tifaceted proinflammatory responses, which consequently can affect both hematological and non-hematological structures in
the intestines. Gut microbiota dysbiosis is an environmental trigger posited to dysregulate the local immune system, initiating
a complex interplay with a genetic predisposition to maintain the condition. Medicinal cannabis investigations on their anti-
inflammatory characteristics have not been consistent with reports from laboratory studies with murine models. Although oral
administration of medicinal cannabis, single molecules, or as mixed extracts from the flowering plant has been deemed safe,
human clinical studies have not provided objective anti-inflammatory efficacy for conditions such as IBD. Anti-inflammatory
efficacy was not observed for either ulcerative colitis (UC) or Crohn’s disease (CD) with either A9-Tetrahydrocannabinol +
Cannabidiol (A9-THC + CBD) or CBD alone, while improving the quality of life (QoL) of patients diagnosed with IBD. Mech-
anistically, what the current research shows is that the endocannabinoid system (ECS) tone in the gut is subject to intestinal
microbiota homeostasis. Intestinal dysbiosis, as described for IBD, is posited to disturb the tone of the ECS, thereby disrupt-
ing the effects that medicinal cannabis may have in the treatment of gut inflammation. Conditions of IBD are linked with gut
and vermiform appendix microbiota dysbiosis, characteristics in the colon that may destabilize the tone of the ECS and lead to
medicinal cannabis failures to achieve clinically objective anti-inflammatory effects. The aim of this review is to investigate the
link between the intestinal microbiota, the ECS and IBD. The quick, natural fix that medicinal cannabis appears to provide to
manage the underlying IBD disease may not be suitable for all patients diagnosed with UC or CD.
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Introduction to steadily increase. In addition, Hracs and colleagues [1]
have noted that changes in the incidence and prevalence of
IBD denote the evolution of disease across four epidemio-

A recent global report that reviewed the epidemiol-  |ogic stages. That is stage 1 outlines the emergence of the

ogy of inflammatory bowel diseases (IBD) with real-world
data derived from 522 population-based studies reported
on the incidence (n = 463) and/or prevalence (n = 243)
of Crohn’s disease (CD) and/or ulcerative colitis (UC), in
an all-inclusive study from 82 countries bridging the years
from 1920-2024 [1,2]. The epidemiological trends re-
ported show the incidence and prevalence of IBD in the
20th century followed distinct geographical and temporal
patterns [2]. The authors report that IBD was considered
a disease of industrialized regions covering North Amer-
ica, Europe and Oceania. In the 21st century, the incidence
of IBD has increased in newly industrialized and emerg-
ing regions such as Africa, Asia and Latin America, while
the prevalence in early industrialized regions has continued

disease that is characterized by a low incidence and preva-
lence; whereas stage 2 incorporates an acceleration of the
incidence that presents a rapid and pronounced increase in
incidence with a low prevalence; and stage 3 compounding
the prevalence of the disease, with a decelerating incidence,
as it levels out or decreases with a concomitant steady in-
crease in IBD prevalence [1]. An equilibrium in IBD preva-
lence is a fourth stage posited where the prevalence slope
plateaus due largely to the ageing population’s demographic
shifts [1]. Accordingly, a recent opinion report has inves-
tigated the implications for health that changes related to
modern lifestyle are reflected in the composition of the gut
microbiome of different populations [3]. The accelerated
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Fig. 1. Diagrammatic representation of orally administered medicinal cannabis prescribed for inflammatory bowel diseases in
humans. [Created in BioRender]. A9THC, A9-Tetrahydrocannabinol; CBD, Cannabidiol; UC, ulcerative colitis; CD, Crohn’s disease.

rate of industrialization may be an important factor that has
been linked to the increased risk of IBD in countries like
China [4].

The consensus on the actiology of IBD is reported to
be linked with the interaction of encouraging factors from
the environment, immunity, physiological, psychological
and the gut microbiota that may drive genetic dispositions
[5]. Specifically, IBD is a chronic, nonspecific, relapsing
intestinal inflammatory disease grouped into UC and CD.
Patients usually report developing gut symptoms such as
abdominal pain, diarrhea, dyspepsia, and blood in the stool,
and some patients also report peripheral manifestations. Pa-
tients can also experience a common digestive condition,
irritable bowel syndrome (IBS), that presents with stomach
complaints, abdominal pain, bloating, and either diarrhea
or constipation, which can very much exacerbate diagnoses
of chronic illnesses such as UC or CD [5,6]. Medicinal
cannabis has been administered as a treatment option to re-
duce inflammatory sequelae in IBD (Fig. 1) [7].

Assessment of neuro-visceral integration, core micro-
biota analysis, and immune modulation has been posited
to hold promise for identifying novel diagnostic and treat-

ment modalities for inflammatory gut conditions [8]. The
gut microbiota ecosystem supports a microbiota-host cross-
talk with the intestinal bacteria signalling to extraintesti-
nal organs [9]. Conforming with these characteristics is
the emerging clinical and laboratory research that contin-
ues to teach that there is a complex bidirectional interac-
tion between the oral use of medicinal cannabis and the
intestinal microbiota [10]. The cannabis molecules iden-
tified in the Cannabis sativa Linn. plant, encompassing
delta-9-tetrahydrocannabinol (D9-THC), the major psycho-
phytoconstituent molecule, delta-8-tetrahydrocannabinol
(D8-THC), cannabidiol (CBD), cannabinol (CBN) and
cannabigerol (CBG), have been considered and hypothe-
sized to have clinical relevance in IBD [11].

It is widely accepted that the endocannabinoid system
(ECS) contributes to gut physiological equilibrium [12].
The capacity of the ECS to efficiently temper the tone of
inflammatory responses and permeability in the gut estab-
lishes the competence of the ECS to preserve gastroin-
testinal functions [12]. Clinical studies with IBD patients
have reported contentious health benefits from the use of
cannabis in IBD, through a reduction of IBD-inflammation
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and a decreased request for pharmaceutical medications
[13]. Notwithstanding, adverse changes in the equilibrium
of the ECS could predispose patients to pathologic IBD dis-
orders [13].

The Tone of the Intestinal ECS

The ECS is a system that encompasses endocannabi-
noids (i.e., anandamide, 2-arachidonoylglycerol) with asso-
ciated synthesis and degradation enzyme systems and type
1 (CBy) and type 2 (CB5) receptors [14]. Mechanistically,
the endocannabinoidome [15,16] is linked to the intesti-
nal microbiome. This association is reported to provide
mutual interactions that control intestinal homeostasis, en-
ergy metabolism, and neuroinflammatory responses dur-
ing physiological conditions [16]. In addition to this com-
plex nature of intestinal ECS tone, the varying affinities of
cannabis molecules for ECS receptors further complicate
the picture. For example, THC exhibits high-affinity bind-
ing to CB; receptors, while CBD has low-affinity binding
for both CB; and CB,, receptors. Although THC has a high
affinity for CB; and can mediate abuse-related and reinforc-
ing effects, CBD has a complex pharmacology that is em-
phasized by binding and acting on multiple types of recep-
tors (e.g., adenosine receptors, adenosine receptors, Tran-
sient Receptor Potential Vanilloid 1 [TRPV1], G-protein-
coupled receptor 55 [GPR55], 5-Hydroxytryptamine Re-
ceptor 1A [5-HT1A]) [17,18]. CB; and CBs receptors
are extensively expressed in the gut [19]. The activity of
CB; receptors is present in the myenteric and submucosal
plexus. In addition, CB; receptors are also expressed in
the enteric nervous system, specifically cholinergic neurons
and afferent vagal neurons [19]. Whereas CB; receptors are
expressed in immune cells and epithelial cells of the mu-
cosa.

There is compelling evidence that the intestinal ECS is
an important participant in regulating mood disorders such
as anxiety and depression [19]. Linked to this is also con-
vincing research that has demonstrated that reduced levels
of intestinal microbiota species are a key factor in the pro-
gression of mood disorders [18]. Changes that express the
tone of the intestinal ECS underpin a ubiquitous signalling
system that contributes to gut homeostasis [20]. There is an
extensive crosstalk in the intestines between the ECS and
the microbiota that features numerous gut functions such as
hormonal secretion, nutrient absorption, intestinal perme-
ability and motility, as well as local and possibly systemic
immune responses [19]. Reports posit that the gut micro-
biota may influence the regulation of anxiety, memory, the
stress response, and driven behaviours that can affect over-
all social functioning [21]. Consideration of the workings
of the intestinal ECS system remains limited when linked to
the gut microbiota and the repetitive use of cannabis as self-
medication or medical prescriptions to treat ailments [22].
Prescriptions for medicinal cannabis are usually specified
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for the treatment of mood disorders such as anxiety and de-
pression [23]. Mood disorders have a significant associa-
tion with intestinal dysbiosis [24]. This effect can be com-
pounded with the oral use of cannabis products containing
THC [25]. It is also known that cannabis can disrupt the
tone of the ECS, as evidenced by the reported daily use of
cannabis [26]. Specifically, neuroadaptations in the ECS
can develop with down-regulation of CB; receptors, which
has been shown that with abstinence from cannabis use, this
effect can be reversed within days of cessation of use [27].
It is possible to posit that the ineffective oral use of medic-
inal cannabis illustrates the complexity that exists between
the intestinal ECS system [18] and its proximity to the body
of bacteria that inhabit the intestines. The intricate tone of
ECS can be affected by the metabolic activities of intesti-
nal bacterial infections [28]. Notwithstanding, Osman and
colleagues [28] have reported that the ECS has been iden-
tified as a promising target in the treatment of IBD with
medicinal cannabis. Consistent with this view, experimen-
tal studies have shown that the ECS system and the elabo-
rated endocannabinoids are directly sensed by bacteria and
can modulate bacterial function [29].

Yet, clinical studies have not supported this contention
(Table 1, Ref. [30-37]).

IBD and Medicinal Cannabis

Medicinal cannabis is often prescribed to manage in-
flammatory symptoms of abdominal pain and gut inflam-
mation and gut disruptions, such as frequency, suggesting
that it may be a useful treatment for IBD [38]. Table 1
presents clinical studies that show that medicinal cannabis
has limited efficacy in the treatment of intestinal inflam-
mation and more importantly, in the control of inflamma-
tion in IBD. Yet there are only a limited number of clinical
studies that have demonstrated that medicinal cannabis was
not significantly better than a placebo in improving inflam-
mation with either CBD or THC extracts. Investigations
that have administered cannabis extracts through the oral
or respiratory tract, aiming to reduce gut inflammation by
improving blood C-Reactive Protein (CRP) levels at 8 and
12 weeks, have shown no difference between cannabis ex-
tracts tested and placebo (Table 1). Notwithstanding those
clinical studies reported significant improvements in sub-
jective measures as reported with quality of life (QoL) and
in disease activity with the Lichtiger Disease Activity In-
dex (LDAI) [30], inflammatory bowel disease question-
naire (IBDQ) score, and the physician global assessment
of illness severity (PGAS) [31] score, indices that are not
IBD remission markers but rather disease activity measures.
Whereas Naftali and colleagues [32,33] have reported on
a possible remission of the disease with the Crohn’s dis-
ease Activity Index (CDAI), yet no effect was reported on
an objective inflammatory marker (e.g., blood C-Reactive
Protein) (Table 1).
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Table 1. Placebo-controlled clinical studies investigating the effect of inhaled or orally administered medicinal cannabis formulations on IBD.

Cannabis source
[n = participants]
(reference)

Study type and condition Dose administered

IBD

Human Clinical Studies

CBD-rich oil
Assessing the effect on the induc-

tion of remission in CD.

DBPCRCT
Single center
—patients with CD

Orally administered
—0.05 mL containing 8 mg CBD and 2 mg THC
—placebo olive oil and Chlorophyll

—CBBD is safe and well tolerated.
—CBD-rich cannabis treatment.
Induced fsignificant improvement in clinical and QoL.

(56) Dose 1 drop b.i.d. —LDAI improved in test v placebo
[32] —8 weeks (» =0.000).
—inflammatory parameters or endoscopic scores (p > 0.05)
—CRP (p > 0.05) between groups.
THC DBPCRCT Smoking administered —Short-term treatment with THC-rich
Source —patients with UC —dose: 80 mg 16% THC cannabis induced clinical remission.
dried flowers of genetically iden- —additional content: 1 QoL in mild to moderate active UC.
tical plants of Cannabis sativa 0.5% CBG —LDAI improved in test v placebo
var. Indica “Erez” (courtesy of 0.1% CBD (p=0001).
Tikun-Olam Ltd., Tel Aviv, Is- traces <0.1% CBC | —Clinical response 10/11 vs 4/10 in
rael) CBDV | ASTHC placebo group (p = 0.028).
(32UC) —~8 weeks —Complete remission in 5/11.
[34] —Beneficial clinical effects were not associated with significant
anti-inflammatory improvement.
—CRP (p > 0.05) between groups.
THC PRCT Smoking administered levels of eCBs remained unaltered.
Source —patients with DC and UC ~ —0.5 g dried cannabis flowers equivalent to 11.5  —| significant PEA, AEA, and AA levels in the UC placebo only.

dried flowers, genetically identi-
cal plants of Cannabis sativa var.
Indica “Erez” (courtesy of Tikun-
Olam Ltd., Tel Aviv, Israel)
(13CD |9 UC) test

[17 CD | 10 UC] controls
[30]

mg of THC flowers treated with
Saccharomyces cerevisiae
var. 18 final product <0.4% THC undetectable
amounts of all other cannabinoids, including CBD
—8 weeks

—J bowel frequency negatively related to levels of circulating
AEA | OEA.
—1 QoL is positively correlated to 2-AG
—CRP not measured.
—improved LDAI and QoL scores test
over placebo (p < 0.05).
—CRP not reported.
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Table 1. Continued.

Cannabis source

[n = participants]

Study type and condition

Dose administered

IBD

(reference)

CBD-rich botanical DBPCRCT parallel allocation Oral administration The primary endpoint was negative

extract —Patients with mild to moderate UC —50 mg CBD-rich extract —End of treatment remission rates were similar for CBD-rich
[37] versus placebo (1:1) b.i.d. botanicals extract (28%) and placebo (26%).

(39 completed study) —12 weeks Total and partial Mayo scores favored

[31] —CBD-rich botanical extract (p = 0.068) and (p = 0.038)

respectively.

Subjective physician’s global assessment of illness severity,
subject’s global impression of change, and patient-reported QoL
outcomes.

—improved for patients, CBD-rich botanical extract (p = 0.069),
(p =0.003), (p = 0.065), respectively.

—CRP measured but not reported.

Low-dose CBD extract
Established moderate active CD
(20)

[33]

PRCT parallel allocation

Oral administration as an oil
—5 mg/Kg weight
—8 weeks

—CBD was safe; however had no beneficial effects on moderately
Active CD was observed.
—CDAI no difference between groups
(»p > 0.05)
—CRP (p > 0.05) between groups.

THC-rich cannabis extract
Patients with active CD

Smoking

Inhaled | smoking
—administration content 0.5 g of dried cannabis

—1° endpoint, induction of remission
(CDAI score <150) achieved by 45% cannabis group versus 10%

201 flowers corresponding to 115 mg THC. placebo group (p > 0.05).
[35] —8 weeks —Complete remission (CDAI score <150) achieved by 5 of 11
cannabis group versus 1 of 10 placebo group (p > 0.05).
—CRP (p > 0.05).
No induction of remission
—CRP (p > 0.05) between groups.

Source Pilot study, single arm Inhaled cannabis 71 general health perception (p = 0.001)
Dry processed plant —Inhaled cannabis —dose of 50 g dry processed 1 social functioning (p = 0.0002)
(13) UC | CD | colonic IBD plant per month 1 ability to work (p = 0.0005)
[36] —12 weeks J physical pain (p = 0.004)

J depression (p = 0.007)
Schematic scale of health perception showed 1 score from 4.1 +
1.43to 7 + 1.42 (p = 0.0002)
—CRP (p > 0.05) between groups.

THC, A9-tetrahydrocannabinol; CBD, Cannabidiol; UC, ulcerative colitis; CD, Crohn’s disease; DBPCRCT, double blind placebo controlled randomized clinical trial; PRCT, placebo randomized
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controlled study; PEA, palmitoylethanolamide; AEA, arachidonoylethanolamine; 2-AG, 2-arachidonoylglycerol; LDAI, Lichtiger Disease Activity Index; CDAI, The Crohn’s disease Activity Index;

AA, arachidonic acid; OEA, oleoylethanolamide; IBD, inflammatory bowel disease; QoL, quality of life; CBG, cannabigerol; CBC, Cannabichromene; CBDV, Cannabidivarin; CRP, C-Reactive

Protein; eCBs, endocannabinoids. 7, increase; |, decrease.
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A recent observational cohort study from Canada [39]
reported on the use of cannabis to manage IBD symptoma-
tology, both in UC and CD. The observational study in-
cluded 254 participants diagnosed with IBD (i.e., 148 with
CD, 90 with UC, and 16 with indeterminate colitis). The
patients agreed to complete an online 40-question survey
that included personal demographics, the history of their
IBD disease, cannabis use, and the SIBDQ [39]. Recent
cannabis use was reported by 41% of CD and 31% of
UC participants. The authors concluded that the use of
cannabis was associated with worse abdominal symptoms
and QoL. Furthermore, clinicians were advised to first con-
trol IBD symptoms with evidence-based therapies and sub-
sequently inquire about cannabis use with the aim of opti-
mizing symptom management.

There is an intrinsic complexity that exists with the
interactions between the gut microbiota and medicinal
cannabis, which may limit the efficacy of THC and CBD
to favourably influence anti-inflammatory responses in the
gut. As we have previously noted here, cannabis molecules
interact with G-protein-coupled receptors (GPCRs), partic-
ularly the CB; and CB; [17]. Recently, it has been reported
that the intestinal microbiota may mediate pharmaceuti-
cal drug metabolism, affecting pharmacological efficacy
[40]. Wu and colleagues [40] reported the broad impact
that human gut commensal bacteria on GPCR-targeted drug
structures and actions through diverse intestinal microbiota-
mediated biotransformation. Similarly, the gut microbiota
can play a crucial role in the metabolism of endogenous
cannabinoids, affecting bioavailability and pharmacologi-
cal activity. Several studies have identified microbial en-
zymes capable of metabolizing cannabinoids, leading to the
formation of active or inactive metabolites [10,41-43].

It stands to reason that metabolic activities from the
human intestinal microbiota may significantly affect the
efficacy of THC and CBD. It is known that gut bacte-
ria can metabolize cannabis molecules. A murine model
report showed that intestinal commensal bacteria metabo-
lized THC into 11-hydroxy-THC (11-OH-THC), exhibit-
ing a greater potency than THC [44]. Whereas 11-nor-9-
carboxy-THC (THC-COOH) is an inactive form of THC.
In addition, CBD can be metabolized into 7-hydroxy-CBD,
a compound that has been reported from in vitro studies to
have potential anti-inflammatory properties [45]. Preclin-
ical and specific clinical studies have shown that cannabi-
noids can reduce inflammation in rodent models of colitis
[10]. An additional laboratory animal study showed that
THC administered to adolescent and mature rats exacer-
bated chemically induced IBD in that murine model [46].

Notwithstanding, clinical evidence from human stud-
ies has been limited and centred on surveys and small trials
(Table 1). While clinical studies with lower numbers of par-
ticipants have shown that cannabis can improve QoL and
improve symptoms such as diarrhea and abdominal pain,
there was no significant reduction in inflammatory mark-

ers [47]. This view has been further emphasized by a re-
cent scoping review that suggested that patients who use
cannabis for IBD are a cohort with refractory disease and
lower QoL who go on to report improvements in IBD symp-
tom management [38]. The idea that medicinal cannabis
molecules (e.g., THC + CBD or CBD alone) could reduce
the underlying IBD activity was posited to be very mod-
est, warranting further studies. The clinical studies with
patients diagnosed with IBD treated with THC and or CBD
(Table 1) that assessed the effect on inflammation in a sys-
temic inflammatory marker (i.e., blood CRP) resulted in
no improvement in inflammation with the administration of
medicinal cannabis formulations [32-36].

Intestinal Dysbiosis Affects Drug Efficacy in
IBD

Gut commensal bacteria’s metabolic activities involve
the fermentation of complex carbohydrates to produce
short-chain fatty acids (SCFAs) [48], the synthesis of amino
acids [48], and the synthesis of vitamins (e.g., biotin and
phylloquinone) [49]. The intestinal microbiota also partic-
ipates in the development and function of both local and
systemic hematological structures [50,51]. Importantly, the
uncompromised gut microbiota has been reported to pro-
tect against pathobiont infections through colonization re-
sistance [52]. A stable gut microbiome and microbiota
are reported to designate a healthy gut profile deemed as a
steady state, with the multiplicity of microorganisms, con-
sisting of bacteria, enteric viruses, and fungi [53-55].

Intestinal dysbiosis is often defined as an imbalance
in the gut of the resident community of bacterial microor-
ganisms that cohabitate the intestines. Relevant to IBD,
the lack of variety and balance in the intestinal microbiota
(i.e., refers to bacterial species in the gut) results in a dysbi-
otic unbalanced overview of the gut resident bacteria that
is causally a major contributor to progressing pathologi-
cal diseases such as IBD [56]. An imbalanced gut micro-
biota can significantly influence drug efficacy (as well as
medicinal cannabis efficacy) by varying drug absorption,
metabolism, and the overall response by the host, factors
that potentially lead to reduced therapeutic outcomes or in-
creased toxicity [57].

The intestines are continually exposed to external
perturbations such as infections, antibiotics, and dietary
changes. The gut ecosystem, though, has an inherent re-
silience capacity to respond to such adverse events, thereby
maintaining the local equilibrium tone [58]. By contrast,
though gut dysbiosis can also be a resilient outcome that
can increase the risk of inflammatory diseases such as IBD
[58]. When a detrimental disturbance in the complex bio-
logical system of the microbiome and more specifically the
microbiota occurs, a dysbiotic state ensues that increases
the risk of maintaining an inflammatory state in the gut [58],
as so happens with IBD conditions. Altering the state of the
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intestinal microbiota can lead a long-term, lasting composi-
tional and functional changes in the bacterial communities
in the intestines of the host [56,58].

It is scientifically accepted that the ECS interacts with
the intestinal commensal cohort of bacteria. Inflammatory
conditions such as IBD have been linked with aberrations
of the gut microbiota [56]. UC and CD comprise the two
main types of IBD, termed as chronic, resulting in relaps-
ing and remitting inflammation of the intestines [56]. Pa-
tients diagnosed with IBD can be either in an active phase
of the disease or in remission. Remission is characterized
by a decrease or lack of symptoms, together with the ab-
sence of biochemical, endoscopic, or radiological inflam-
matory clinical evidence. Irrespective, clinical studies that
administered medicinal cannabis to treat inflammation did
not demonstrate efficacy, exemplified by failure to reduce
CRP blood marker (Table 1).

The deviations in the complexity and conformity of in-
testinal bacterial communities have been described for UC
[59,60] and CD [59]. Mechanistic studies on the abundance
of anaerobic bacterial species in the gut reported as re-
duced in concentration cite those bacterial species that elab-
orate SCFAs (e.g., acetate, butyrate) [37]. Including species
Roseburia hominis and Faecalibacterium prausnitzii [61],
associated with progressing a proinflammatory metabolic
state. Proinflammatory metabolism in the gut is detrimen-
tal to the intestinal mucosa [62]. A study that compared
UC and CD patients with those without IBD has found that
the profile of gut bacteria showed significant increases in
Proteobacteria and significant decreases in Firmicutes and
Bacteroidetes [62]. Interestingly, there were significant ob-
served differences in gut bacterial genera between CD and
UC diagnosed patients [62]. Significant increases were ob-
served in Escherichia, Ruminococcus (R. gnavus), Ceto-
bacterium, Actinobacillus, and Peptostreptococcus genera
in patients diagnosed with CD, and significant increases in
Faecalibacterium, Coprococcus, Prevotella, and Roseburia
genera in patients diagnosed with UC [62].

Further disruptions of the eubiosis tone of the in-
testines have been observed in IBD, with amino acid
biosynthesis [63—65] and carbohydrate metabolism [63] re-
ported to be decreased in favour of nutrient uptake by the
microbiota. Clusters and various species of intestinal bac-
teria have been reported to be differentially abundant be-
tween controls and patients with IBD in remission [66—68].
This indicates that intestinal dysbiosis may persist despite
patients being in remission, mechanistically contributing to
the chronicity of IBD.

Orally administered medicinal cannabis has been sug-
gested to shift the abundance of intestinal bacteria [10].
The direction of the shift is contentious, depending on the
study. Laboratory animal studies have shown that cannabis
administration can alter the abundance of specific bacte-
rial taxa in the intestines following cannabis exposure [69].
Chronic THC administration in mice led to changes in the
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gut microbiota, with an increase in the relative abundance
of Akkermansia muciniphila, a bacterium associated with
improved gut barrier function and metabolic health [70].
Conversely, cannabis use in humans was linked to an in-
creased abundance of Bacteroides species in the human gut
microbiota, which might be associated with gut inflamma-
tion and metabolic disorders [71]. Such effects may lead
to an intensifying effect in IBD, which is also subject to
intestinal dysbiosis. These antagonistic results are further
complicated by obesity in IBD. Obesity has been associated
with gut dysbiosis [72]. Additionally, obesity has been in-
creasingly reported to be prevalent in individuals with IBD,
suggesting that it may negatively impact disease outcomes,
potentially increasing the risk of complications (e.g., type
2 diabetes) and reducing the effectiveness of some treat-
ments [73]. Given that the relationship between obesity and
medicinal cannabis use is complex, oral administration of
cannabis products to influence IBD inflammation may be
contraindicated in chronic cannabis users with the increased
risk of augmenting visceral fat [74]. Furthermore, a recent
national Dutch registry study concluded that obesity corre-
lated with lower odds of steroid-free clinical remission in
patients diagnosed with IBD at 24 weeks after the initiation
of treatment [75].

Vermiform Appendix Microbiota Dysbiosis
Tolerates IBD

The vermiform appendix continues to be implicated
in the pathogenesis and clinical course of UC [76]. Re-
search data strongly posits that an inflamed appendix could
exacerbate IBD, principally UC. In a Danish cohort study
of 7,132,317 individuals over a 14-year period, the study
investigated the impact of a family history of appendicitis
as to whether there was a protective effect against UC de-
velopment, afforded by surgical removal of the appendix
[77]. The study reported that a personal history of appen-
dicitis and surgical removal of the appendix at age less than
20 years, and a first-degree relative with appendicitis at age
less than 20 years without a personal history of appendicitis,
were significantly associated with a lower risk of UC.

The clinical evidence, though, remains contentious.
Ko et al. [78] in an Australian study reported that appen-
dectomy was a risk factor for UC among Middle Eastern
migrants, while it was a protective factor among Caucasian
populations in Australia. In addition, investigators have re-
ported an inconsistent therapeutic effect on treating UC pa-
tients who were resistant to conventional medical therapy
with appendectomy [79,80]. There is therefore a require-
ment to investigate whether appendiceal orifice inflamma-
tion is a contributing factor to the development of UC [79].
Concordant with this view is that presented from a recent
systematic review [81] that concluded that a previous ap-
pendectomy reduces the risk of future colectomy.
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Further complicating the clinical picture, Welsh and
colleagues [81] (2022) review substantiated that therapeu-
tic appendectomy may have a potential role in refractory
left-sided UC. These patients have been reported to present
with low QoL issues [82]. The surgical removal of the ap-
pendix in patients with refractory UC resulted in pathologi-
cal improvement in colonic inflammation with complete en-
doscopic remission after 1 year post-surgery [83]. These re-
sults indicate a strong correlation with QoL and a decreased
incidence of UC, and with reduced severity of inflammation
[76]. The overall data influences and confirms that appen-
dicitis has a relationship with UC [76,84]. Observational
studies [83,85,86] seem to confirm this impression, posit-
ing that the appendix may have a role in the pathogenesis of
UC, yet the nature of the association remains unclear [87].

What has been postulated over time is that local ap-
pendiceal bacterial dysbiosis may be the trigger for devel-
oping or tolerating UC [88]. Notwithstanding, numerous
observational studies have reported the negative influence
that the status of the surgical removal of the vermiform ap-
pendix in humans may have, with an adverse association
with IBD disease states, not only with UC [89-93] but also
with CD [89,90,94]. Research suggests that there is a link
between intestinal microbiome dysbiosis and appendicitis
[95]. This indicates that there is an imbalance in the gut co-
hort of bacteria, highlighting a decrease in the abundance of
beneficial commensal bacteria with a concomitant increase
in the abundance of pathobionts that may contribute to the
development and progression of appendicitis [95]. Aber-
rant changes in the flux of the microbiota in the gut are con-
sistent with the idea that intestinal dysbiosis is present in the
colon and in the appendix, which supports the progression
of IBD.

Recently, an appendix with a dysbiotic microbiota
strongly suggested that appendicitis may be linked to in-
testinal microbial dysbiosis [96]. Signifying that an imbal-
ance in the gut microbiota composition and diversity con-
tributed to inflammation and the development of the disease
[96]. Furthermore, at the genus level, Lee and colleagues
[96] (2022) reported an increased abundance of potential
pathogens such as Parvimonas and Acinetobacter, and a de-
crease in commensal taxa such as Faecalibacterium, Blau-
tia, and Lachnospiraceae in appendicitis patients compared
to healthy controls.

Mechanistically, studies support the notion that appen-
dectomy can reduce UC severity by preventing appendiceal
immune stimulation of the intestine, possibly via secretion
of pro-inflammatory cytokines from the appendix and re-
colonization of abnormal/pathobiont bacteria in the colon
from the appendix reservoir [76]. Evidence in support of
this idea comes from a population-based study conducted
in Sweden, in which childhood appendicitis was associated
with protection against UC, whether it was treated with ap-
pendectomy or medically [97]. However, data on medically
managed appendicitis are limited owing to the primary sur-

gical management of appendicitis. The tone of the ECS can
be disrupted by intestinal dysbiosis [98]. This, combined
with an appendix harbouring a dysbiotic microbiota that
contributes to colonic dysbiosis in ulcerative colitis, may
make it clinically challenging to achieve and sustain remis-
sion of the underlying inflammatory condition with medic-
inal cannabis.

Discussion

The intestinal tract comprises a structure that is ap-
proximately 9-10 meters in length from the oral cavity
to the anus [99]. The distinctive and abundant bacterial
species that inhabit the gut present a complement of genes
that significantly outnumber the human host’s genes [100].
Moreover, the bacterial species that inhabit the intestines
collectively exemplify an array of genes that enable crit-
ical functions that contribute to the host’s health [100].
Consequently, human hosts encounter in the intestines sev-
eral distinct bacterial communities that elaborate important
metabolic activities [48]. This IBD scoping review presents
a complex disease that has an accepted consideration of
both a genetic predisposition and gut dysbiosis (i.e., an im-
balance in the intestinal microbiome) [101]. Genetic varia-
tions can significantly influence the composition and func-
tion of the intestinal microbiota, and gut dysbiosis can trig-
ger or worsen IBD [101]. Especially with observations that
reduced levels of acetate-to-butyrate converting bacteria,
such as those from the Roseburia spp, have been reported
in patients diagnosed with IBD.

Marijuana that has been cultivated from the flowering
plant that is Cannabis sativa Linn. is often used for symp-
tom control in patients with IBD [102]. Medicinal cannabis
is reported to improve the level of lifestyle stressors, im-
prove sleeping patterns, and intestinal symptoms such as
abdominal pain, diarrhea, and reduced appetite [102,103].
Yet specific indicators from clinical studies that report on
improving inflammation in IBD have not provided useful
clinical insights. Several clinical studies with small par-
ticipant numbers [30-36] have investigated blood levels of
CRP, questionnaires (e.g., QoL) inflammatory disease in-
dices (e.g., LDAI, CDAI), reporting inconsistent results.
The objective inflammatory marker CRP did not show any
improvement with the use of medicinal cannabis either as a
single or as a mixture of cannabinoid molecules (e.g., CBD
or THC). The improvement in scores reported from ques-
tionnaires and disease indices should be interpreted with
caution due to the placebo effect.

While a few small clinical studies have not demon-
strated improvement in a clinical inflammatory marker for
the underlying disease of IBD (e.g., C-Reactive Protein), a
recent Canadian study concluded that the use of cannabis
was associated with worse abdominal symptoms and QoL.
A worse disease prognosis has been previously supported
by others [7,104]. In concert with our scoping review
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here, a meta-analysis [7] that described the clinical out-
comes from 5 randomized clinical studies and 15 non-
randomized studies that investigated the use of cannabis to
manage IBD symptoms reported that there may be some
benefit from patient-reported outcomes, without improve-
ment in the fundamental intestinal inflammation of the dis-
ease. Given the clinical history of IBD linked to a dysbiotic
gut profile, the natural and quick fix offered by the admin-
istration of medicinal cannabis products for the underlying
inflammation of the disease may not be indicated for all pa-
tients.

Intestinal dysbiosis has been strongly posited to be
central to progressing the disease [105]. Personal lifestyle
and environmental factors that have been deemed stres-
sors can adversely affect the course of IBD [105]. The
ECS, a multi-signalling system in the intestines, is believed
to play a significant role in regulating the stress response,
which can be strongly impacted by both acute and chronic
stress. Consequently, stress can alter the levels of en-
docannabinoids, arachidonoylethanolamine (AEA) and 2-
arachidonoylglycerol (2-AG), affecting the expression and
sensitivity of cannabinoid receptors CB; and CB,, which
can then lead to the dysregulation of the ECS. Dysregula-
tion of the ECS can potentially contribute to maintaining
IBD. The administration of medicinal cannabis may then
be ineffective in improving the underlying IBD disease.

Additional treatment modalities for IBD can involve
probiotics, prebiotics, fecal microbiota transplantations
(FMT), as well as nutritional interventions [106—108].
Clinical evidence shows that probiotics have a favourable
efficacy and safety profile in the treatment and improve-
ment of gut disorders [106,109]. The administration of
probiotics, particularly multi-strain formulations, has been
reported as efficacious for the induction of clinical remis-
sion and the prevention of relapse in UC patients as well
as for relapsing pouchitis [109], while for efficacy in CD,
the clinical evidence is contentious [106,109]. In addition,
it has been reported that FMT may increase the proportion
of people with active UC who achieve clinical and endo-
scopic remission [107]. However, the evidence regarding
serious adverse events and the ability of FMT to induce and
maintain remission in patients diagnosed with UC remains
contentious. The variability in reported results has led to in-
conclusive findings about its long-term clinical therapeutic
benefits.

Conclusion

In small clinical studies, the administration of inhaled
or oral medicinal cannabis products has not achieved mod-
ulation of the underlying condition of inflammation in IBD,
whether it be for UC or CD. What has been reported is an
important improvement in the QoL of patients diagnosed
with IBD. Improvements in QoL were suggested for those
patients diagnosed with refractory IBD (e.g., UC) who had
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been prescribed medicinal cannabis. These patients often
present with low levels of QoL, as medicinal cannabis may
provide a beneficial outcome. Improvement in lifestyle is-
sues such as mental states with the adoption of mind body
medicine modalities (e.g., meditation) with nutrition, the
adoption of functional foods (e.g., prebiotics) and physical
activity (e.g., yoga) comprise interventions that could work
in concert with prescriptions for medicinal cannabis to treat
IBD and a dysbiotic gut microbiota.
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